Abstract The effects of adding supercritical carbon dioxide extracts of garlic (at two different concentrations of allicin) on select chemical indices in extra-virgin olive oil used to canned artichokes were studied. Tests were performed after processing and over a storage period of 1 year. A sensorial test was also conducted on the canned artichokes to establish the impact on flavor (in particular perceptions of rancidity and garlic flavor). Acidity, peroxide levels and p-anisidine values were measured as quality analytical parameters. Radical scavenging activity was also evaluated using the DPPH assay. The samples containing supercritical garlic extracts were compared with several other formulations, including control sample (prepared by mixing artichokes with powdered chili pepper and fresh garlic), artichokes with only garlic or only chili pepper, and artichokes treated with the synthetic antioxidant BHT. The results suggested that the allicin extract may be superior, or at least comparable, with BHT in preserving canned artichokes as demonstrated by its positive effects on oxidative stability and sensory profile.
Introduction
Foods are subject to microbiological, enzymatic and chemical degradation processes over time. It follows then that most food storage processes are based on the inhibition of microorganism growth, the inactivation of enzymes, or on the control of chemical reactions (Caponio et al. 2003) .
For the preservation of vegetables, oil is often used as covering liquid medium (such as in-oil artichokes, dried tomatoes, eggplants, mushrooms, etc.). The preserving effect of oil consists of separating the product from the air (i.e., obtaining \2 % oxygen in the final product) rather than its bacteriostatic or bactericidal action. Additionally vegetables may blanched which reduces the number of contaminating microorganisms, inactivates enzymes, removes trapped air and modifies texture while mostly preserving color, flavor and nutritional value.
The quality of in-oil canned vegetables depends on the interactions between the traits of the vegetables and those of the covering oils. Spices and aromatic herbs may also be added to the oil, which not only contribute flavor but also containing compounds with documented antimicrobial, antioxidant and anti-inflammatory activities and can benefit the quality of the canned product (Baiano et al. 2005a; Bravi et al. 2015) . In particular the antioxidant capacity of aromatic herbs and spices has been well-documented (Hinneburg et al. 2006) .
During processing and storage both the vegetables and oils can undergo modifications because of mechanical, thermal, hydrolytic and oxidative degradation, affecting the quality of the oil and preserved food (Choe and Min 2006; Ragaert et al. 2007 ). Several studies have investigated the oxidative and hydrolytic reactions that occur in the covering oil during storage, and the influence of different oils as a covering medium on vegetable preservation (Baiano et al. 2005a, b, c; Bravi et al. 2015) . Apart from oils, herbs, spices, other plant materials, and their extracts are of increasing interest in the food industry because their antioxidant compounds help to retard the oxidative degradation of lipids and thereby improve the quality and nutritional value of preserved foods (Hinneburg et al. 2006; Nedyalka et al. 2006) . Alternatively, synthetic antioxidants have been employed to protect oily foods, however they have facing friction towards its utilization and consumption (IARC 1986 ; E.U.-D.G. Environment 2007; U.S. National Library of Medicine 2010).
To date numerous studies have examined the antioxidant effects of spices and aromatic herbs added to oils. For example, Bandoniene et al. (2000) studied the antioxidant activity of acetone extracts of sage, sweet grass, sea buckthorn, costmary, Roman chamomile, and tansy on rapeseed oil. Bhale et al. (2007) tested the capabilities of methanol extracts from oregano and rosemary to prevent oxidation of long-chain polyunsaturated fatty acids in Brevoortia tyrannus oil. Kamkar et al. (2010) evaluated the antioxidant activities of the essential oil of Mentha pulegium L. as well as its methanol and water extracts in sunflower oil. Baiano et al. (2009) studied the chemical characteristics, phenolic content and antioxidant activity of olive oils flavored with garlic, lemon, oregano, hot pepper, and rosemary during 9 months of storage. Despite significant role of herbs and spices in food preservation, only a few studies have investigated the effects of oils in combination with herbs and spices in canned food (Baiano et al. 2005a, b, c; Bravi et al. 2015) .
One popular spice, garlic (Allium sativum L.), is well known for its antioxidant capabilities (Nuutila et al. 2003; Bravi et al. 2015 ). Garlic's antioxidant properties have been attributed to a variety of sulphur-containing compounds (thiosulfinates) and their precursors (Chung 2006; Okada et al. 2005) and in vivo tests have indicated that allicin (the most abundant thiosulfinate in garlic) is one of the primary antioxidant compounds when used at moderate concentrations (Gazzani et al. 1998; Bakir et al. 2015) . Beyond flavoring and preserving food, garlic has also been used as a nutraceutical or phytopharmaceutical for the prevention and treatment of various human diseases, including cancer (Banerjee et al. 2003; Del Valle et al. 2008) .
Garlic extracts, thanks to their antimicrobial activity and antioxidant potential, can extend the shelf life of unprocessed or processed foods by reducing the microbial growth rate or viability and are particularly useful for food preservation applications. However different extraction techniques lead to different extract compositions and effects because of their yield and capacity for selectivity. Supercritical fluids have been shown to be efficient solvents with better transport properties (diffusivity, mass transfer coefficient, penetration ability) than many liquid organic solvents (Brunner 2005) . In particular, carbon dioxide (CO 2 ) shows high selectivity for valuable microconstituents in natural products and a complete separation of solvent traces from the extract and treated matrix can be achieved (Del Valle et al. 2008) . Furthermore, CO 2 is nonflammable, relatively non-toxic, and relatively inert (King et al. 1989; Brunner 2005) . Thus, supercritical CO 2 (SC-CO 2 ) produces a garlic extract free of solvent residues that is suitable for use as a natural antioxidant in food stabilization (Del Valle et al. 2008) . A further advantage to the quality of extracts produced from oxidation-prone substances (such as allicin) is that they are exposed to neither oxygen nor high temperatures during extraction with SC-CO 2 (Brunner 2005 ).
In the current study, the effectiveness of SC-CO 2 garlic extracts (at two different concentrations of allicin) were assessed in stabilizing artichokes canned in extra-virgin olive oil (EVO) used as covering oil during a shelf life test. After storage, the quality of the covering oil was studied to verify the effect of the garlic extracts during processing and storage. Hydrolytic and oxidative quality parameters were measured and a sensory analysis was performed.
Materials and methods
HPLC-grade n-hexane, 2-propanol, perbenzoic acid (C77 %), and allyl disulfide (C80 %) were purchased from Sigma-Aldrich (Milan, Italy). All other reagents were of analytical grade. Commercial EVO and artichokes were provided by Vizzino ''Orto Buono'' (Minervino di Lecce, Italy).
Artichokes samples preparation
In-oil canned artichokes were prepared with EVO as a covering oil, and were provided by Vizzino ''Orto Buono''. All the samples were produced on the same day and were analyzed immediately after pasteurization (T0) or after 3, 6, 9, or 12 months (T1, T2, T3, and T4 respectively) of storage at room temperature.
HPLC-DAD analysis
Allicin content in the supercritical fluid garlic oil extracts was determined by HPLC coupled with a diode array detector (DAD). The following equipment was used for the HPLC analysis: a Jasco Inc (Easton, MD, USA) Pu-2089 plus pump, a Rheodyne 7725 injector, equipped with a 20 ll injection loop, an Agilent 1100 DAD and an Agilent 1100 thermostat for HPLC columns. The system was managed by an Agilent Chem-Station for LC 3D System (Agilent Technology, Santa Clara, CA, USA).
The chromatographic separation was achieved at 20°C using a Waters lPorasil column (3.9 mm ID 9 300 mm, 10 lm; Waters Corporation, Milford, MA, USA). All procedures were carried out according to the methods of Psomiadou and Tsimidou (1998) modified by using an isocratic separation with n-hexane/2-propanol (99:1, v/v) as the eluent. The flow rate was set at 1.2 mL/min. The three wavelengths for the determination of allicin content were 210, 254, and 324 nm.
Allicin was synthesized as a standard for the set-up of the HPLC-DAD method. The synthesis of allicin was based on a previous study (Bocchini et al. 2001) . Twenty ml of a 0.1 M solution of perbenzoic acid in dichloromethane was slowly added to 100 ml of a 0.1 M solution of allyl disulfide in dichloromethane under rapid magnetic agitation and cooled to -10°C. The reaction mixture was allowed to stand at room temperature for 1 h. Excess acid was removed by washing the mixture with a sodium bicarbonate solution. The dichloromethane solution was rinsed with distilled water, dried over sodium sulfate, and the solvent was removed by rotary-evaporation. The dried product was weighed, and standard solutions in diethylether were prepared. Analysis by HPLC-DAD of the solution showed that allicin accounted for [70 % of the standard.
Preparation of EVO enriched with a supercritical fluid extract of garlic EVO was enriched with a SC-CO 2 garlic extract to be used as a covering oil. The garlic extraction was performed with SC-CO 2 at a pressure of 24 MPa, separator temperature of 307 K, and extractor temperature of 309 K in a Muller Extract Company GmbH (Koburg, Germany) pilot plant. Approximately 100 g of garlic was put in the 500-mL extractor vessel. The SC-CO 2 flow-rate was 170 g/min. The extraction time was 180 min. Collection was performed in 500 mL of EVO, loaded in the separator before the extraction, at atmospheric pressure.
The garlic-enriched EVO was diluted with diethyl ether, and the relative concentrations of allicin were verified by HPLC-DAD.
Preparation of in-oil canned artichokes
Cleaned artichokes (25 kg) were blanched for 10 min in boiling water with citric acid to prevent discoloring, then marinated with a common marinade (1:1 water: white wine vinegar with 1 g/L citric and ascorbic acids) for 12 h. After marination the artichokes were drained, washed with water, centrifuged and cut into quarters. The artichokes were canned in EVO following a recipe that included the addition of chili pepper (0.245 g/kg of total product; moisture 13 %) and fresh garlic (0.272 g/kg of total product; moisture 70 %). Seven variations of the recipe were used to produce the different study samples (Table 1) . Each sample was prepared by mixing artichokes with different ingredients, depending on the formulation, and a dose of 280 g was put in transparent glass vessels that were then filled in EVO (2:1 vegetables: EVO, w/w) and hermetically sealed with metal caps. The BHT concentration was chosen at its maximum legal limit (0.02 %, BHT) (Iqbal and Bhanger 2007) .
All the canned artichokes samples were pasteurized at 97°C for 10 min, and then quickly cooled to room temperature. After separation from the vegetable matrix, the covering oil samples were filtered with anhydrous sodium sulfate and analyzed after different storage times. Storage study was carried out for 12 months in the dark at room temperature (10-30°C).
Chemical analyses
The ongoing hydrolysis and oxidation of the covering oils were monitored by measurements of the acidity, expressed as g of oleic acid per 100 g of oil (E.U. Reg. 1348/2013), peroxide values, expressed as milliequivalents (mEq) of active oxygen per kg of oil (E.U. Reg. 1348/2013), and panisidine values (AOCS 2013).
Radical trapping potential was determined by the DPPH (2,2-diphenylpicrylhydrazyl) assay. The DPPH assay is one of the most popular methods used to evaluate the antioxidant capacity of foods (Pyrzynska and Pekal 2013) . The scavenging ability of the DPPH radical was measured by the method described by Nencini et al. (2007) , slightly modified. Briefly, 1000 ll of 10 -4 M DPPH methanol solution was added to 100 ll of oil sample diluted in hexane/diethyl ether (50/50; v/v). Each mixture was then shaken and kept for 60 min in the dark at room temperature. The decrease in absorbance at 515 nm was evaluated using a spectrophotometer. Each test was carried out in triplicate.
Sensory evaluation
Sensory evaluation was conducted to evaluate the palatability of three different formulations of canned artichokes (CTRL, A1, and A2). Nine trained panelists (7 women and 2 men between the ages of 25-55) evaluated the canned vegetables using the quantitative descriptive analysis technique reported in Bravi et al. (2015) . The panelists were trained over 10 sessions, using standard food products, to identify and determine descriptors relating to taste and texture.
The canned artichokes were tested at room temperature. The samples were evaluated for sensory attributes including flavor: (1) rancid, sour milk, fatty, oxidized, having a rank, unpleasant taste or smell characteristic of oil and fats when no longer fresh; (2) garlic, of crushed garlic cloves and (3) artichokes, smell and taste typical of artichokes and texture: (1) hardness and (2) chewiness. A bipolar numerical 10-point scale (from 0 to 9) was used for hardness (0 = extremely soft to 9 = extremely hard), whereas a unipolar numerical 10-point scale (from 0 to 9) was used for chewiness (0 = none to 9 = extremely gummy) and the flavors rancid, garlic, and artichoke (0 = none to 9 = extremely strong).
Statistical analysis
All chemical analyses were performed in triplicate and the data were analyzed using MATLAB Statistics Toolbox (version 7.6.0, The Mathworks Inc., Natick, USA) to perform the appropriate statistical tests (one-way and twoways ANOVA). Values were considered significantly different at P \ 0.05.
Results and discussion

Quality parameters
Three quality parameters (acidity, peroxide values, and p-anisidine values) were evaluated in the seven canned artichokes formulations. Acidity, which is a measure of free fatty acid content, is an important tool for the assessment of oil degradation because it estimates the extent of hydrolysis a sample has undergone. In the current study acidity increased in all samples during storage ( Table 2 ). The samples flavored with garlic and/ or chili pepper (CTRL, OG, OCP) displayed the highest values, statistically significant at the end of shelf-life trial, indicating greater hydrolytic degradation. These differences could be due to the presence of the spices, which may have affected the composition of the canned artichokes (e.g. introducing water and hydrolytic enzymes). Despite being in contact with a moist vegetable matrix, acidity values even after 12 months of storage were still under the maximum limit for extravirgin olive oil (EU Reg. 61/2011).
The analyses of peroxide values in the samples are shown in Table 2 . Peroxide content decreased during storage in all the formulations. This observation may be explained by the breakdown of hydroperoxides to secondary products of oxidation responsible for rancid offflavors. At the beginning of the shelf-life trial (T0) the samples flavored with garlic and/or chili pepper as well as the sample without spices (CTRL, OG, OCP, WS) showed the highest peroxide values (14.53, 14.75, 14.71, and 14.25 mEq O 2 /Kg of oil, respectively). Nonetheless, all values were lower than the European legal limits set for extra-virgin olive oil (EU Reg. 61/2011). It may be that the garlic extracts and the BHT protected the samples A1, A2 and BHT already during the processing, resulting in a less peroxide formation. During storage, the highest statistical significant values of peroxides were observed in WS (13.16 mEq O 2 /Kg of oil at T1, 10.33 at T2, 8.14 at T3 and 6.60 at T4), whereas the lowest statistical significant values were found in A2 (8.61 at T1, 5.81 at T2, 5.57 at T3, and 3.90 at T4). The CTRL, BHT and A1 samples showed similar, intermediate peroxide numbers. This effect is probably due to the different antioxidants affecting peroxide formation and subsequent secondary oxidation thereby reducing the peroxide content. Increase in p-anisidine values usually correspond to decreases in peroxide contents (Bravi et al. 2015) .
The results showed that secondary products of oxidation increased in all formulations ( Table 2 ). The lowest values (statistically significant from T0), were observed in the BHT (1.58 at T0, 2.56 at T1, 2.78 at T2, 3.25 at T3, and 4.13 at T4) and A2 samples (2.03 at T0, 2.59 at T1, 2.83 at T2, 3.58 at T3, and 3.81 at T4), followed by A1 (2.36 at T0, 2.74 at T1, 3.36 at T2, 3.87 at T3, and 4.52 at T4; statistically significant from T1). The highest p-anisidine values were observed in WS, OG and OCP. The greater resistance to oxidative degradation displayed by A2, which contained the highest dose of garlic extract, highlights the protective effect of the supercritical garlic extract. A similar result was found previously by the same authors in a study on vegetable oil (Bravi et al. 2016 ).
Antioxidant activity
To evaluate the antioxidant activity of the samples, the free radical scavenging activity was determined using the DPPH test. The results are expressed as the concentration of sample that inhibited 50 % of radical activity (IC50 value). Lower values indicate increasing antioxidant activity, and the results are presented in Table 3 . The sample A2 showed the highest antioxidant activity (0.11 at T0, 0.20 at T1, 0.18 at T2, 0.21 T3, and 0.28 at T4), followed by BHT and A1, during all storage time (for BHT the differences were significant at T0, T2 and T4). The control sample showed intermediate values (statistically significant at T2, T3 and T4). The lowest antioxidant activities were observed in decreasing order in OG, OCP and WS. These results suggested that supercritical garlic extracts containing 0.017 % allicin may be able to neutralize free radicals in oil by donating electrons (Galano and Francisco-Marquez 2009 ).
Sensorial analysis
Starting at T0 a sensory test was run on the samples containing supercritical garlic extract compared with the control in order to evaluate the sensory impact of canning with the different oils on the artichokes. Table 4 shows the results for the quantitative descriptive analysis comparing the CTRL, A1 and A2 at T0, T1, T2, T3 and T4. The sensorial test identified significant differences between the samples in their levels of garlic flavor (flavor associated with the essential oils released by crushed garlic cloves) and rancidity (the taste associated with hydrolyzed/oxidized fats.) The artichokes flavor (smell and taste typical of cooked vegetables), hardness (by steadily compressing the vegetable between the molars, the force required for compression), and chewiness (the length of the time required to masticate the vegetable to a state of swallowing) were not significant (data not reported). Garlic flavor and rancidity are important parameters to evaluate the quality of the formulations of canned artichokes. In particular, garlic flavor for the consumer compliance and rancidity for the stability of the formulations. Regarding garlic flavor, the CTRL sample was significantly lower (P \ 0.05) than A1 and A2 at T0 which was Table 2 Acidity, peroxide levels, and p-Anisidine value of covering oils from canned artichokes as a function of storage time expected because the latter two had the supercritical extract. The supercritical extract contains concentrated, isolated allicin levels, while the sliced garlic used in the control sample did not contain isolated allicin and it was in lower concentrations (Ghani 2010) . Starting at T1, the garlic flavor perception significantly increased (from 3 to 6) in CTRL till the end of the storage. Garlic perception in the supercritical extract samples significantly decreased in sample A2 by T4 but was unchanged in A1. Therefore the garlic perception is reduced for both the extract added samples along the storage time (from the third month for A1 and from the ninth month for A2, until the end of storage). At the beginning of shelf life trial the addition of garlic extract causes a significant higher perception of garlic flavor, however this perception significantly decrease during the storage time (probably for the high volatility of the sulphur-containing compounds); the increasing of the garlic flavor in control sample during the storage time is probably due to the release of thiosulfinates from fresh garlic causing an higher perception of garlic flavor in ctrl sample after 12 months of storage. Regarding rancidity, sample A2 displayed significantly lower rancidity at T1, T2, and T4 compared with CTRL. In fact rancidity in A2 was even lower than A1 at T1 and T2. Rancidity values were stable until T2 after which a significant increase was observed. CTRL showed the highest rancidity at the end of storage, confirming the higher oxidative stability of the samples with supercritical garlic extract. The results supported the efficacy of supercritical garlic extracts in protecting in-oil canned vegetables from oxidative degradation.
Conclusion
The beneficial effects of supercritical garlic extract on quality parameters and antioxidant activity in canned artichokes were: (1) at the beginning of the shelf-life trial, the lowest peroxide values in A1 and A2 underlined the antioxidant effect; (2) increasing amounts of supercritical garlic extract highlighted the dose-dependent efficiency of garlic extract in preserving in-oil canned artichokes from oxidative degradation during storage; (3) the sensorial investigation confirmed that the samples treated with supercritical garlic extracts had lower rancidity at the end of 12 month's storage. The supercritical garlic extract samples scores for garlic perception were different from the control. The findings from this study suggest that it is possible to produce canned vegetable products of higher quality by optimizing the use of traditional ingredients through selective food technologies.
